Cancer is the second leading cause of death worldwide. Lung cancer possesses the highest mortality, with non-small cell lung cancer (NSCLC) being its most prevalent subtype of lung cancer. Despite gradual reduction in incidence, approximately 585720 new cancer patients were diagnosed in 2014, with majority from low-and-middle income countries (LMICs). Limited availability of diagnostic equipment, poorly trained medical staff, late revelation of symptoms and classification of the exact lung cancer subtype and overall poor patient access to medical providers result in late or terminal stage diagnosis and delay of treatment. Therefore, the need for an economic, simple, fast computed image-processing system to aid decisions regarding staging and resection, especially for LMICs is clearly imminent. In this study, we developed a preliminary program using MATLAB that accurately detects cancer cells in CT images of lungs of affected patients, measures area of region of interest (ROI) or tumor mass and helps determine nodal spread. A preset value for nodal spread was used, which can be altered accordingly.
fluorodeoxyglucose PET (FDG-PET), helical CT or 3D-CT are limited, due to the overbearing expenses associated with both purchase and maintenance of such equipment, especially in case of limited-income regions. [8, [10] [11] [12] [13] [14] [15] Modern computer assisted diagnosis (CAD) systems, though significantly improve the efficiency of these machines, add to the expenses. [9, 15] Along with the complexity involved in staging and late revelation of the symptoms, patients are often diagnosed at late or advanced stages of the disease. [16, 17] This is more so in the case of low-and-middle-income countries (LMICs). Recent metaanalysis reveals that only 4 of the listed 139 LMICs, as according to the World Bank, have the requisite number of teletherapy centers and 39.5% do not possess a single radiotherapy center. [18] The median patient access to radiotherapy centers in the remaining 80 LMICs is only a deplorable 36.7% and projections indicate that by 2020, the patient demand will exceed the facilities at these LMICs by several folds. [18] African nations have the least number of active radiotherapy centers (60% in Egypt an South Africa alone) while almost negligible data is available regarding Eastern European nations. [19] The situation is made even worse by the fact that most of these centers in LMICs do not have properly trained personnel; a study in Ethiopia showed that 81% of all the healthcare providers had basic medical training and 44% lacked access to any form of diagnostic imaging equipment. [20] Therefore the need for a simple, fast and cost-effective computed image processing system enabling detection of cancer cells from PET/ CT or MRI scans is clearly imminent. MATLAB, a commonly used image-processing and graphics-interface program in academia and industry, [21, 22] can pose as an alternate and affordable means of diagnosis. In this independent, graduate study, we aim to develop a fast, reliable and costeffective program using MATLAB, which would enable detection of cancerous or tumorous lesions in CT images of the lungs of affected patients. In addition, the program would be able to determine the area of any specific labelled region of interest (ROI) or tumor mass, approximate nodal class, thus, facilitating quick and calculated treatment decisions and diminishing the requirement of more advanced diagnostic equipment.
Method
The images used for testing the MATLAB program were obtained from "The Cancer Imaging Archive" (TCIA) portal, a joint project of the National Cancer Institute (NCI) and Washington University serving as a public, open-access image database of advanced medical images of several forms of cancer. [23] Since NSCLC is the most prevalent sub-type of lung cancer, [5] 50 thoracic CT images of NSCLC patients were randomly selected, irrespective of the stages of the disease and set in a directory. The program reads each of this images automatically and are subjected to 4 basic types of modifications; filtering, conversion, edge detection and labelling. [22, 24] A detailed schematic is illustrated below in Figure 1 Conventional image pre-processing techniques of conversion to grayscale, followed by smoothening of image using a customized low-pass filter which is defined by the following equation - [25] Where where (x, y), is the size of the image and cf is the cut-off value for the low pass filter. After this, thresholding and segmentation techniques were performed respectively. [24] The "smoothened" image was converted to a "black-and-white" image in order to improve contrast. [24] A sobel operator using a fudge factor of 0.8 was used for edge detection of the latter image and then tuned to obtain a binary mask that contains the new segmented image. [26] Sobel operator is shown as follows - [27] [27] [27] The resultant edges in the image were then dilated, removed of undesired borders as much as possible and subsequently labelled. [26, 28, 29] Selection of any labelled ROI will yield area of that particular region. The "N" value or lymph node involvement, as according to the TNM staging of lung cancer, [17] was determined as a function of the number of labelled centroid objects. For example, if the number of labelled objects was less than 50, "N" is considered to be "0", and if less than 150, the value of "N" is "1". Distant metastasis and metastatic lymph node involvement cannot be determined since the images used are confined to the thoracic cavity. Therefore the nodal value is limited to "0-2". Being a completely independent study, the co-authors were responsible for all the finances.
Results and Discussion
The program was successfully able to mark and label cancerous lesions or tumor masses in the CT images of the NSCLC patients (Fig. 2 ), indicate lymph node involvement and determine the crosssectional area of any given or labelled lesion or tumor mass (ROI). The values of area obtained are all scalar values. These are the summation of the total number of pixels present in the particular ROI. Using the dimensions of the actual CT slices, the exact area of any tumor mass can be easily calculated, thus, facilitating selection of "T" value and type of resection. Figure 2(a) illustrates the step-wise image process modification conducted on a particular CT image of a NSCLC patient. Figure 2(b) illustrates the selection of ROI and cross-sectional area determination. As mentioned earlier, an assumed criteria for lymph node involvement was used, using the principle that the degree of lymph node spread or involvement is directly proportional to the number of objects detected and labelled in the image. Since the values were assumed, they need rectification from licensed practitioners for validation. The values of cross-sectional areas of the respective ROIs obtained are scalar values. These are the summation of the total number of pixels present in the particular ROI.
Using the dimensions of the actual CT slices, the exact cross-sectional area, as well as the volume, of any tumor mass detected in an image can be easily calculated. Summation of the volume of a particular tumor mass from consecutive slices will yield the actual volume of the original tumor mass, thus, facilitating an accurate and cost-effective determination of "T" since this program can be easily implemented in regular low-cost computers, making its clinical availability far superior than the current standards. Another advantage is that the program has the capability to process on all the images in succession, which the user has set in the library. One particular drawback is that this method will not be able to determine the subtype of lung cancer since histological examinations are required for that purpose.
Conclusion
Despite a few initial setbacks, the program is highly efficient in detecting tumorous lesions in CT images of lung cancer (NSCLC) patients and determining the cross-sectional areas of any particular lesion or tumor mass. It is adept in determining nodal spread within the thoracic cavity and, with a slight improvement, will be able to determine the volume of any tumor mass accurately. Only a facility with access to CT and a moderate configuration desktop computer is required to run the analysis. The usage is relatively straightforward and does not require highly-trained personnel, thus making it an ideal, costeffective diagnostic alternative for LMICs. Further modifications are currently being made to incorporate histological data into program and automatically select images or CT slices of interest, though this will inevitably increase operating costs.
